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SPECIFICATION 

1 • Title of the Invention 

BIOSENSOR 
2. Scope of Claim for a Patent 

(1) A biosensor comprising an insulating base 
plate having provided thereon an electrode system 
comprising at least an electrode for measurement and a 
counter electrode mainly composed of carbon, 
characterized in that an enzyme reaction layer composed 
of a hydrophilic high molecular substance and an 
oxidoreductase is provided on said electrode system. 

(2) A biosensor comprising an insulating base 
plate having provided thereon two pairs of electrode 
systems comprising at least an electrode for measurement 
and a counter electrode mainly composed of carbon, 
characterized in that an enzyme reaction layer composed 
of a hydrophilic high molecular substance and an 
oxidoreductase is provided on one electrode system and a 
hydrophilic high molecular substance layer or a layer 
composed of a hydrophilic high molecular substance and 
inactivated oxidoreductase is provided on another 
electrode system. 

(3) A biosensor as claimed in claim 1 or 2, 
wherein said electrode system comprises an electrode for 
measurement and a counter electrode mainly composed of 
carbon and a reference electrode comprising a 
silver/silver chloride reference electrode. 
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3. Detailed Explanation of the Invention 
Field of the Invention 

The present invention relates to biosensors 
which can quantitatively determine a specific component 
in a trace amount of various sample solutions from the 
living body in a rapid and easy way with high accuracy. 
Prior Art 

As a system for readily performing quantitative 
determination of a specific component in a sample 
solution such as blood or the like from living bodies 
without requiring dilution, stirring, etc. of the sample 
solution, a biosensor described in Japanese Patent 
Application Laid-Open No. 61-294351 has been heretofore 
proposed (Fig. 5). In this biosensor, the electrode 
systems 8 (8'), 9 (9') and 10 (10* ) composed of carbon, 
etc. are formed on an insulating base plate 1 by means of 
screen printing, etc.; the electrode systems are covered 
with a porous material 12 having carried thereon an 
oxidoreductase and an electron acceptor and the whole is 
integrated with a holding frame 11 and a cover 3. When a 
sample solution is dropped onto the porous material, the 
oxidoreductase and the electron acceptor are dissolved in 
the sample solution, whereby an enzyme reaction proceeds 
with a substrate in the sample solution and the electron 
acceptor is reduced. After completion of the reaction, 
the reduced electron acceptor is electrochemically 
oxidized and a substrate concentration in the sample is 
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determined from a current level for the oxidation 

obtained in this case. 

Problem to be solved by the Invention 

In the foregoing conventional construction, the 
base surface including the electrode system is not always 
uniformly wetted so that air bubbles remain between the 
porous material and the base plate, whereby a response 
current is affected or its reaction rate is reduced in 
some occasion. Further when a substance that is readily 
adsorbed to electrodes or an electrode-active substance 
is present in a sample solution, response of the sensor 
is affected by such a substance. 
Means for solving the Problem 

In order to solve the foregoing problem, the 
present invention is directed to a biosensor comprising 
an insulating base plate having provided thereon an 
electrode system comprising at least an electrode for 
measurement and a counter electrode mainly composed of 
carbon, characterized in that an enzyme reaction layer 
composed of a hydrophilic high molecular substance and an 
oxidoreductase is provided on the electrode system. 

The present invention is further directed to a 
biosensor comprising an insulating base plate having 
provided thereon two pairs of electrode systems 
comprising at least an electrode for measurement and a 
counter electrode mainly composed of carbon, 
characterized in that an enzyme reaction layer composed 
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of a hydrophilic high molecular substance and an 
oxidoreductase is provided on one electrode system and a 
hydrophilic high molecular substance layer or a layer 
composed of a hydrophilic high molecular substance and 
inactivated oxidoreductase is provided on another 
electrode system- 
Function 

According to the present invention f a 
disposable type biosensor which can determine a substrate 
concentration in an extremely simple way with good 
accuracy and has excellent preseravation property can be 
constructed. 
Examples 

Hereafter the present invention is described by 
referring to the examples. 
(Example 1) 

As one embodiment of the biosensor, a glucose 
sensor is explained. 

Fig. 1 shows a cross-sectional view of a 
glucose sensor prepared as one embodiment of the 
biosensor in accordance with the present invention. Fig. 
2 shows a perspective view of the electrode portion used 
for preparing the sensor. 

. Conductive silver paste is printed on an 
insulating base plate 1 composed of polyethylene 
terephthalate by means of screen printing to form leads 
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2/ 3 (3*). Next, conductive carbon paste containing a 
resin binder is printed. By drying with heating, the 
electrode system comprised of an electrode for 
measurement 4 and a counter electrode 5 is formed. 
Furthermore, insulating paste is printed so as to patly 
cover the electrode system thereby to make the exposed 
area of the electrodes definite and cover unnecessary 
part of the leads. By a heat treatment, an insulating 
layer 6 is formed. 

A glucose standard solution, 10 yl, is dropped 
as a sample solution onto the CMC-GOD layer of the 
glucose sensor constructed as described above. By 
applying a pulse voltage of 1 V between the electrodes, 
the electrode for measurement is polarized into the anode 
direction 1 minute after application of the voltage. 

The added sample solution dissolves the enzyme 
and CMC therein and quickly spreads onto the electrode 
surface while it is converted into a viscous liquid; no 
bubble remains in this case. This is believed to be 
because wettability on the electrode surface would be 
improved by the hydrophilic high molecular substance 
perviously formed on the electrode. 

On the other hand, glucose in the added sample 
solution reacts with the enzyme by the action of glucose 
oxidase carried on the electrodes to produce hydrogen 
peroxide. Therefore, by applying the voltage into the 
anode direction described above, an oxidizing current for 



the produced hydrogen peroxide is obtained. This current 
level corresponds to the concentration of glucose which 
is a substrate. 

Fig. 3 shows relationship between the current 
level 5 seconds after application of voltage and a 
glucose concentration, indicating that an extremely good 
response characteristic was obtained. 
(Example 2) 

Two pairs of the same electrode parts as shown 
in Fig. 2 were formed onto one insulating base plate 
composed of polyethylene terephthalate in close contact 
by screen printing in a manner similar to Example 1. 
Next, CMC layer was formed onto the two pairs of the 
electrode systems in a manner similar to Example 1. 
Thereafter, GOD-CMC layer was formed only on the CMC 
layer of one electrode system as described above. 

With respect to the glucose sensor having two 
pairs of the electrode systems obtained as described 
above, a glucose standard solution (200 mg/dl) containing 
ascorbic acid having various concentrations was dropped 
onto each of the electrode systems. As in Example 1, a 
voltage of 1 V was applied about 1 minute after the 
dropping and a current level was measured 5 seconds 
after. The results are shown in Fig. 4. The output of 
the electrode system of CMC-GOD layer is shown by A and 
the output (blank output) of the electrode system of CMC 
layer alone is shown by B. As is evident from the 
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drawing, the output of A increases as the concentration 
of ascorbic acid increases and on the other hand, a 
similar increase is noted also with the output of B. 
This indicates that the sensitivities of the respective 
electrode systems to ascorbic acid are almost equal to 
each other. When a difference in output between the both 
electrode systems (A - B) is detected therefrom, a 
current level based on glucose can be obtained. That is, 
by using two pairs of the electrode systems, an error due 
to substances sensitive to electrode can be greatly 
reduced. Such an effect was also noted with uric acid, 
etc., in addition to ascorbic acid. 

As such, by constructing the sensor by 
providing two pairs of the electrode systems and forming 
a hydrophilic high molecular substance-enzyme layer on 
one electrode system and a hydrophilic high molecular 
substance layer alone on another electrode system, a 
substrate concentration in the sample solution containing 
inter ferants can be measured with good accuracy. 

In the above, after the CMC-GOD layer is formed 
on both electrode systems, local heating by laser or 
irradiation with ultraviolet rays, etc. may also be 
applied only to either electrode system, whereby GOD is 
inactivated to prepare the electrode system for blank 
outputting. By doing so, the constructions are identical 
in the two electrode systems except for enzyme activity 
so that output currents due to interferants in the two 
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electrode systems can be conformable much better with 
each other , resulting in an improved accuracy in 
detection with the sensor. 

In the foregoing embodiment, the electrode 
system wherein the electrode portion comprises two 
electrodes of the electrode for measurement and the 
counter electrode has been described. By constructing 
the electrode system by three electrodes further 
involving silver/silver chloride, the accuracy can 
further be improved. One embodiment for constructing the 
electrode system comprises printing 3 silver leads onto a 
base plate, then printing carbon paste only on the tip 
portions of two leads to coat an insulating layer, 
treating the surface of the tip portion of the remaining 
lead in which silver is exposed to form silver chloride 
into a silver/silver chloride electrode. Thus, the 
electrode system could be constructed in such a manner. 

As the hydrophilic high molecular substance, 
gelatin, methyl cellulose and the like can be used, in 
addition to CMC, and hydrophilic high molecular 
substances of starch type, carboxymethyl cellulose type, 
gelatin type, acrylate type, vinyl alcohol type, 
vinylpyrrolidone type and maleic anhydride type are 
preferred. These hydrophilic high molecular substances 
can be readily rendered aqueous solutions. Therefore, by 
applying the aqueous solution in a suitable concentration 
and drying, a thin layer having a necessary layer 

- 8 - 



thickness can be formed on the electrode. 

As the oxidoreductase, glucose oxidase is used 
in the examples but other enzymes such as alcohol 
oxidase, cholesterol oxidase, etc. can also be used. 
Effects of the Invention 

As stated above, the biosensor of the present 
invention can provide highly reliable response by forming 
the enzyme reaction layer composed of the hydrophilic 
high molecular substance and the oxidoreductase on the 
electrode system, and further by providing two pairs of 
electrode systems wherein the enzyme reaction layer 
composed of the hydrophilic high molecular substance and 
the oxidoreductase is provided on one electrode system 
and the hydrophilic high molecular substance layer or the 
layer composed of hydrophilic high molecular substance 
and inactivated oxidoreductase is formed on another 
electrode system. In addition, it is unnecessary to 
carry any electron acceptor so that the biosensor having 
excellent preservation property can be provided at low 
costs . 

4. Brief Explanation of Drawings 

Fig. 1 shows a cross-sectional view of the 
biosensor which is one embodiment of the present 
invention. Fig. 2 shows a perspective view of the 
electrode portion. Figs. 3 and 4 are response 
characteristics of the biosensor. Fig. 5 shows a 
perspective view of a conventional biosensor 
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disassembled. 

I insulating base plate 

2, 3, 3' lead 

4/ 9, 9' electrode for measurement 

5; 5' , 8, 8' counter electrode 

6 insulating layer 

7 CMC-GOD layer 

10/ 10 * reference electrode 

II holding frame 

12 porous material 

13 . cover 

Agents: Toshio NAKAO, Patent Attorney, 
and another 
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